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The results of experiments set up to register the electromagnetic radiation arising in fracture of glass bottles 
under the effect of a compressing load applied normally to the longitudinal axis are discussed. 


One of the most significant properties of solid bodies is 
their capability to form and radiate electromagnetic and 
acoustic emission in the course of crack formation and frac¬ 
ture. Both types of emission have the same source, namely, 
the process of the appearance and growth of cracks in a solid 
body, and contain information on the mechanical properties 
of the solid body and its stressed-deformed state, as well as 
the processes taking place at the time of irradiation [1-6]. 

The present study is dedicated to the investigation of 
electromagnetic radiation (EMR) in crack formation and 
fracture of articles made of solid amorphous dielectrics, 
namely, of glass. 

The experiments were performed on glass bottles, which 
are the most common product. The radiation emitted in frac- 
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ture was studied in bottles of three different sizes (GOST 
10117-91): bottles of type II-Sh-750 made of clear transpar¬ 
ent glass; I-K-7000 bottles made of transparent green glass; 
bottles of type II-Sh-750 made of massive dark-green glass. 

The experimental procedure involved uniaxial loading of 
the tested sample with synchronous registration of the EMR 
si gnals and the load from the start of loading to fracture of 
the article [7]. A specific feature of this method consists in 
contactless reception of the EMR signals, while the transduc¬ 
ing antennas were placed at a distance of up to 100 mm from 
the loaded article. 

The experiments were carried out on a laboratory bench 
which included a hydraulic press, electric antennas and am¬ 
plifiers placed in an electric screen, and monitoring equip¬ 
ment. The loaded sample sheathed in a tarpaulin cover to 
avoid scattering of splinters was positioned between the 
press plates. A vertical compressing load was applied nor- 
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Fig. 1. Oscillograms of EMR (a) and load (b ) in fracture of clear glass articles. 
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mally to the longitudinal axis of the article. The present study 
considers the results of experiments performed on 11 arti¬ 
cles. 

The monitoring equipment consisted of a 486-DX-2 
computer with a EISA bus and a 4-channel 12-digit analog- 
digital converter (ADC) in the form of an A-2000 board 
(produced by National Instruments). The load applied to the 
tested article was recorded with a force sensor designed as a 
steel cylinder with strain-gauge elements in a bridge circuit. 
The sensor was placed between the press plate and the 
loaded article. Two ADC channels were used: one recorded 
the load, and the other recorded the signal from the antenna. 
Continuous registration in each experiment lasted 8 sec. The 
system monitor displayed and simultaneously printed two 
oscillograms: the load and the EMR signal. The latter will be 
described using the example of the clear glass bottle. 

Figure 1 shows the data registered in the first phase of 
loading that lasted 26,400 psec after the start of loading. The 
start of loading corresponds to time t = 5,106,508 psec, and 
the end of the experiment corresponds to f = 5,186,241 psec. 

The value of potential U received from die antenna and 
passing through the amplifier with gain factor K = 100 is 
shown on the ordinate of the EMR oscillogram. The ordinate 
of the load oscillogram represents the potential U received 
from the resistance strain gauge connected to the force sen¬ 
sor and included in the bridge circuit In this case, the signal 
was first sent to the direct current amplifier and then to the 


PC input. The gain factor of the latter amplifier was 
K - 1000. The readings of the force sensor were converted to 
the load using the formula 

P-NK C , 

where P is the load applied to the sample, kN; N is the read¬ 
ing on the ordinate, mV; K c - 1.75 kN/mV is the calibration 
factor; 

The EMR signal accompanying fracture is convention¬ 
ally divided into three bursts (according to the time of pas¬ 
sage through the zero potential). The signal duration of the 
first burst (Table 1) is T x = 15,494 psec, for the second burst 
T 2 = 11,452 psec; for the third burst = 10,095 psec (ab¬ 
sent in Table 1). The overall duration of the EMR signal is 
STj = 53,333 psec. The first burst contained n x = 7 single 
pulses, whose duration varied from several microseconds to 
about 2540 psec (for the third and the fourth pulses). The 
second and the third bursts each contained two pulses. The 
maximum variation of the amplitude in the first burst ranged 
from A\ = - 1398 to A^ =+ 1940 mV, and the maximum 

signal drop in the first burst was = + 3338 mV and in 
the second burst from A j 2 = 1960 mV to A^, = - 2058 mV 
with a maximum signal drop oft/ ^ = 4018 mV. The maxi¬ 
mum potential drop of the entire signal was U\ =4018 mV. 
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The total amplitude of the first pulse in the first burst was 
U\ = 1465 mV, the amplitude of the first entry being 
200 mV. 

The EMR oscillograms and loads for the other 10 articles 
were considered following the same procedure (Table 1). 

The EMR signal oscillogram and the load oscillogram 
recorded in loading of an article made of green glass are pre¬ 
sented in Fig. 2. In this case, the load at the moment of frac¬ 
ture decreased by 32 mV (56 kN), or from 92 mV (1.6 kN) to 
60 mV (1.09 kN). The beginning of loading in Fig. 2 corre¬ 
sponds to time t = 2,927,294. The fracture of the article oc¬ 
curred at t — 2,930,217 psec. The entry of the first EMR 
pulse occurred 142 psec ahead of the moment of fracture. In 
this case, the first pulse whose value exceeded the noise level 
was taken as the entry pulse of the EMR signal. The overall 
registration time amounted to 10 400 psec (Table 1). No in¬ 
dividual bursts were singled out in the EMR signal of this ar¬ 
ticle. The maximum difference in the EMR signal pulses 
within the limits of the EMR oscillogram segment in Fig. 2 
was =117 mV, however, for the overall signal 
1/^ = 247 mV (Table 1). 

The noise level can be estimated based on the EMR sig¬ 
nal oscillograms in Figs. 1 and 2. In Fig. 1, the noise is char¬ 
acterized by a narrow strip before the appearance of the 
EMR signal, and the value of the highest positive amplitude 
of the signal exceeds the noise level by nearly 100 times. In 
Fig. 2, the noises oscillate from - 8 to + 12 mV. Accordingly, 
the EMR signal exceeds the noise level by approximately 6 
times. The noise level in the course of the experiments was 
dependent on the internal noise of the instruments and on in¬ 
dustrial noises, including the noise caused by operating radio 
stations. 

Let us consider the experimental data presented in Ta¬ 
ble 1. All correlation coefficients are not equal to zero, 
hence, each pair of the experimental values consists of de¬ 
pendent random values. This is a significant result indicating 
that in spite of the variety of the parameters monitored in the 
experiments, all of them characterize the integral process of 
electromagnetic radiation inherent to glass as a specific 
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structural material. Different EMR parameters characterize 
this process in different aspects. 

Glass articles for special purposes require non¬ 
destructive testing of their integrity [6]. Electromagnetic ra¬ 
diation is a physical effect that can be conveniently used for 
flaw detection in glass articles. 

From die performed experiments, the following conclu¬ 
sions can be drawn: 

electromagnetic radiation emitted in crack formation and 
fracture is an inherent physical property of glass; 

the experimental radiation parameters considered above 
are random values whose statistic parameters vary over a 
wide range; 

electromagnetic radiation can be used for non-destruc¬ 
tive testing of special glass articles in service. 

The present work was performed with support of the Rus¬ 
sian Fund for Fundamental Studies, grant No. 96-05-66084. 
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